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Foreword
Dr Alan Gray was a Visiting Fellow at CAEPR in September and October 1997.
During that time he authored The explosion of aboriginality: components of
indigenous population growth 1991-96' (CAEPR Discussion paper No. 142). Later
in October and November, CAEPR collaborated with the Council for Aboriginal
Reconciliation in organising a Benchmarking Workshop convened at Parliament
House of 18 and 19 November 1997. In the lead-up to this workshop, it was
decided that it was important to commission some early projections of the
indigenous population to 2001 and beyond.
I approached Dr Gray, a Centre Associate currently employed at the Centre
for Population and Social Research, Mahidol University, Bangkok, Thailand, to
undertake this work during his Australian visit, using data purchased from the
Australian Bureau of Statistics. Subsequently, his preliminary projections were
used by Dr John Taylor and myself in two papers ('Indigenous population change:
implications for benchmarking' and 'Policy and program approaches to
unemployment: implications for benchmarking') prepared for, and presented to,
the workshop.
Dr Gray's detailed early projections are extremely important and are now
presented as CAEPR's sesquicentennial discussion paper. Also presented are
three detailed appendices which include important information on population
estimates and life expectancy for each State and Territory. This paper is published
as CAEPR's last discussion paper for calendar year 1997; it foreshadows far more
analysis of 1996 Census material that will be published in a series of discussion
papers in 1998.
I would like to thank Dr Gray for undertaking this work at very short notice
with his usual commitment to professionalism and excellence; and I would like to
thank the Council for Aboriginal Reconciliation and its Secretariat for
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Summary
The immediate aim of this paper is to describe the growth path of the indigenous
population during the period 1991-2001 and beyond. While it is possible to do
this, it must be emphasised at the outset that the sizes of the Aboriginal and
Torres Strait Islander populations remain unknown. Estimates in this paper are
relative to the population size estimated by the 1996 Census.
Components of indigenous population growth
The process of indigenous population change during the period 1991-96
was reconstructed, then projected for the period 1996-2001.
• There were an estimated 41,300 births to indigenous mothers between 1991
and 1996, and a further 16,100 births to non-indigenous mothers and
indigenous fathers.
• After allowing for deaths of 13,600 indigenous people, natural increase
during the five years was 43,800, from 313,500 to 357,200, at an annual
rate of 2.6 per cent.
• During the period 1996-2001, it is expected that natural increase of the
indigenous population will have amounted to a further 43,600 people, at an
annual rate of 2.3 per cent, producing an indigenous population in 2001 of
400,900.
• The projected increase assumes a fall in fertility of Aboriginal mothers to 2.5
children per woman, increasing births to non-Aboriginal mothers in
continuation of the established trend, but no change in mortality levels. The
projections are not highly sensitive to these assumptions.
Implications of population change
Population change occurs in a simple and predictable manner, and over a
short interval such as the period from 1996-2001, the changes are mostly caused
by survival of existing members of the population to age groups five years senior.
• The indigenous population continues to have the pyramidal shape typical of
a population with a much higher level, because of the contribution from
births to non-Aboriginal mothers.
• Previous projections of Aboriginal and Torres Strait Islander population size
have envisaged much greater changes to population structure, but such
projections did not recognise the impact of intermarriage on maintaining a
strong level of growth and a wide base to the population pyramid.
• During the period 1991-2001 there will have been only slight changes to the
broad structure of the indigenous population; for example, the masculinity
ratio (number of males per hundred females) will have remained at 97.3,
while the median age of the population is estimated to increase from 19.7 to
19.8.
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• The main change will be increasing concentration of the indigenous
population in the southeastern States and Queensland, and projected loss
of population share in South Australia (from 5.9 per cent in 1991 to 5.7 per
cent in 2001). Western Australia (from 14.8 per cent to 14.2 per cent) and
the Northern Territory (from 13.3 per cent to 12.6 per cent).
• The main implication of these results is that change to the existing
emphasis of self-help, social support and intervention programs would not
be warranted purely on the basis of demographic change, but the scale of
programs needs to be set at a constantly higher level to meet the challenge
of rapid expansion of population numbers.
Beyond 2001
Experience with projections of the indigenous population should produce
caution about assessing even medium-term prospects. With strong warnings
about the consequences that could accompany rapid social and cultural change,
it is feasible and it may be helpful to extend the projection to 2011.
• The preferred assumptions for the projection are that fertility of Aboriginal
mothers will continue to fall, to a total fertility rate of 2.25 in 2001-6 and
2.00 in 2006-11, increasing intermarriage will continue to boost growth,
and age-specific mortality levels will be reduced substantially, by 25 per
cent in each five-year period beyond 2001.
• Under these assumptions, the indigenous population would grow by 46,700
to 447,500 between 2001 and 2006 then by a further 49.700 to 497.200 by
2011.
• The underlying growth rates would be 2.2 per cent for 2001-6. and 2.1 per
cent for 2006-11.
In conclusion, this population projection envisages little change in
Aboriginal and Torres Strait Islander population structure and continuing strong
growth of the indigenous population in the immediate future and beyond. While
the projection is predictive for the 1996-2001 period, longer-term projection really
requires more complete information about the processes and characteristics of
intermarriage with non-indigenous Australians.
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Introduction
The indigenous population of Australia is officially defined by the Australian
Government as consisting of people who are of indigenous (Aboriginal or Torres
Strait Islander) descent, who identify themselves as indigenous, and are identified
as indigenous by the communities with which they are associated. The evident
difficulties of this definition have not deterred the Australian Bureau of Statistics
(ABS) from attempting to enumerate the Aboriginal and Torres Strait Islander
populations using, since 1971. a definition which excludes the criterion of
community identification. Nor have they been deterred by the evident difficulties
associated with infants and young children identifying themselves.
Commendable persistence by the ABS in applying this definition, indeed
persistence at an increasing level, has not produced results which are always
immediately identifiable as worthwhile. Successive censuses often yield
population sizes which are evidently incompatible, usually at the national level,
usually too at State or Territory level, and usually at local level, no matter
whether city, town, rural or remote communities are being considered. Yet it has
always been the case that the indigenous population revealed by successive
censuses bears demographic, social and economic characteristics which are
totally unlike those of the rest of the Australian population, and these
characteristics show consistent trends from census to census (see Altman and
Daly 1995:71-91; Altman 1997). The inescapable conclusion is that census
enumerations capture an incomplete portion of the indigenous population each
time. Because the characteristics, other than size, of the indigenous population
are described consistently, population censuses have been an extremely useful
source of data on change in social and economic welfare and indigenous
population structure.
The immediate aim of this paper is to cut away the difficulties associated
with incomplete enumerations to examine the current growth path of the
indigenous population during the period 1991to 2001. and to highlight
significant changes in population structure which are occurring during the
period. It is possible to do this because of extensive analysis of census results
over a long period of time which have revealed the essential components of
Aboriginal population growth (Taylor 1997a, 1997b). Most of the new work for this
exercise has already been undertaken using results from the 1996Census (Gray
1997). It must, however, be emphasised at the outset that the sizes of the
Aboriginal and Torres Strait Islander populations remain unknown; all estimates
in this paper are relative to the size estimated by the 1996 Census, adjusted
minimally for consistency.
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Components of indigenous population growth: explanation
and summary
Populations grow by natural increase, that is. the difference between births and
deaths, plus any additions or subtractions due to net migration. Usually, In
assessing the component due to births, it is sufficient to restrict attention to
births to women who belong to the population. In the case of the Aboriginal and
Torres Strait Islander population of Australia, this restricted attention is
insufficient, because an increasingly significant proportion of births of children
who will later be identified as indigenous occur within marital relationships
between indigenous men and non-indigenous women.
Ignoring any contributions from net international migration, and indeed
from internal migration between the States and Territories, the three components
of growth considered in this paper are:
• births to indigenous mothers;
• births to non-indigenous mothers and indigenous fathers; and
• deaths of indigenous people.
These components are estimated relative to adjusted estimates of Aboriginal
population size and age-sex structure, based on the level of enumeration in the
1996 Census. The adjusted estimates calculated for this discussion paper, as a
result of corrections to the age structure, are lower than the 1996 Census
estimates which derive a total estimated resident population of 372,000 (ABS
1997: 17). They are also substantially different from the 1991 Census estimates,
which were too low to be compatible with the level of enumeration in 1996.1 The
components of growth in the period 1991-2001 are shown in Table 1, together
with the assumptions behind the projectiongiven.
Table 1. Components of Aboriginal and Torres Strait Islander population
increase, 1991-2001
Population as enumerated by census (start of period)
Estimated population (start of period)
Bl: Births to indigenous mothers
B2: Births to non-indigenous mothers
D: Deaths of indigenous people
Natural increase (B1+B2-D)

















Note: basis of projection 1996-2001: no change in mortality level;
decreasing fertility of indigenous mothers; and
increasing intermarriage.
These broad estimates suggest a population increasing by almost exactly the
same in the second half of the ten-year period (43.600) as in the first five years
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(43,800). Nevertheless, this implies a decreasing rate of growth: the annual rate of
natural increase is projected to decrease from 2.6 per cent in the 1991-96 period
to 2.3 per cent in the 1996-2001 period. This apparent slowdown in growth is the
net result of the assumption of further decline in fertility levels, which might or
might not eventuate, and the certain impact of higher numbers of deaths in a
rapidly growing population. Notice, however, that a small projected decline in
numbers of births to indigenous mothers is more than offset by a projected
increase in the number of indigenous births to non-indigenous mothers, resulting
from increasing intermarriage.
This general overview is changed to some degree when any of the
assumptions behind the projections is altered. The immediate purpose of
presenting these results, which represent the favoured assumptions (indeed
predictions), is to set out the general pattern of contemporary Aboriginal
population change, which is shaped to a considerable degree by the trend towards
increasing intermarriage between Aboriginal and non-AboriginalAustralians and
the fact that most children of such marriages come to be identified as Aboriginal
or Torres Strait Islander as the case may be.
Implications of population change
Population change occurs in a simple and predictable manner and, over a five-
year period such as the short interval between 1996 and 2001, the changes are
mostly caused by survival of existing members of the population to age groups
five years senior. If there have been recent rapid changes in fertility levels, the
shape of the 'population pyramid' can change quite rapidly, as occurred to the
Aboriginal population in the 1970s and 1980s. During the 1990s, the impact of
fertility decline at a gentle level is undoubtedly being offset by the effects of
increasing levels of intermarriage, which are ensuring that the indigenous
population continues to have the pyramidal shape typical of a population with a
much higher level of fertility. The rather small changes to this pattern which will
have occurred during the 1990s are illustrated in Figure 1, using the same
assumptions as for Table 1.
Previous projections of Aboriginal and Torres Strait Islander population size
have generally implied much greater changes to population structure, but in
general such projections did not recognise the impact of intermarriage on
maintaining a strong level of growth and a wide base to the population pyramid.
The structural changes which are apparently occurring in the 1990s are so slight
that broad indicators seem to remain identical. For example, the masculinity ratio
(number of males per hundred females) is estimated to remain about 97.3
throughout the ten-year period, while the median age of the indigenous
population is estimated to only increase from 19.7 years to 19.8. The slight
changes in age structure which do occur are summarised in Table 2, showing
broad age groups of the population in 1991, 1996 and 2001. It can be seen that
the main change which will apparently have occurred during the 1990s is
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expansion of the age groups 30-44 and 45-49, mainly at the expense of the 15-29
age group. It should be evident that this structural immobility is a result of the
assumptions of the projection to some extent, but could only be mistaken if
fertility fell sharply further.
Previous population projections have explored the implications of changing
population structure for policy and programs in Aboriginal affairs (Gray and
Tesfaghiorghis 1991), which examined the social, economic and policy
implications of projected changes in Aboriginal population structure over the 20-
year period from 1981 to 2001. We concluded that changes in population
structure would have major implications for the nature of government programs,
but there can now be no doubt that the projections on which these conclusions
were based did not take adequate account, indeed any account, of the
phenomenon of population growth through intermarriage. The same critique
applies to a more particular analysis referring to employment prospects
(Tesfaghiorghis and Gray 1991; Altman and Gaminiratne 1994; Taylor and
Altaian 1997). The main implication of the results presented is that change to the
emphasis of existing self-help, social support and intervention programs would
not be warranted purely on the basis of demographic change, but that the scale of
programs needs to be set at a constantly higher level to meet the challenge of
rapid expansion of population numbers.

































Note: basis of projection 1996-2001: no change in mortality level;
decreasing fertility of indigenous mothers: and
increasing intermarriage.
It is self-evident that increasing inter-marriage has its main effects in the
metropolitan and other urban areas of Australia, and so would have more effect In
south-eastern Australia than in the north and west. Table 3 shows the
redistribution of indigenous population that will likely have occurred during the
1990s as a result of different rates of natural increase between the States and
Territories of Australia. This analysis does not envisage any significant level of net
interstate migration. The net result shows considerable redistribution towards the
south-eastern States, and to Queensland, while South Australia, Western
Australia and the Northern Territory will have lower proportions of the indigenous
population by 2001 than they had in 1991, if there is no alteration of the trend
set in the first half of the 1990s.
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The largest decrease is projected to occur in the Northern Territory, which
paradoxically is projected to have a relatively high total fertility rate (TFR) for
indigenous women in the 1996-2001 period (2.57 children per woman). This rate
is only fractionally less than for Queensland (2.66 children per woman, the
highest among the States) and quite a lot higher than for New South Wales and
the Australian Capital Territory combined (2.32 children per woman, the lowest
among the States) New South Wales, however, will have increased its share of
population. The explanation of the paradox is simply that in the eastern States
births to non-indigenous mothers and indigenous fathers are already at a much
higher level than in the Northern Territory.
Table 3. Indigenous population distribution, States and Territories, 1991
to 2001
State/Territory































Note: basis of projection 1996-2001: no change in mortality level;
decreasing fertility of indigenous mothers: and
increasing intermarriage.
Sensitivity of the estimates to the assumptions
The three main alternatives to the assumptions made for projecting the Aboriginal
population forward to 2001 are, first, that fertility will not have declined further
from its apparent level in 1991-96; second, that the incidence of intermarriage
will not have changed: and third, that mortality will have declined. Explicitly, the
alternative assumptions about the componentsof growth are given in Table 4.
Table 4. Alternative assumptions for projection of indigenous population
to 2001
Growth component Preferred assumption Alternative assumption
Fertility of indigenous women TFR declines from 2.71 in
1991-96 to 2.5 in 1996-2001.
and by corresponding amounts
In each State/Territory group
TFR remains constant at 2.71
Indigenous births to non-
indigenous women
Increase towards a logistic limit
of 50 per cent of indigenous
births according to a pattern
suggested by 1991 Census data
on proportions with non-
Aboriginal mothers for different
;es of children
No further increase in the
proportion
ag
NoMortality b change from 1991-96 levels Reduction by 25 per cent in
age-specific death rates
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The effect of altering each of these assumptions, singly and in combination,
is given in Table 5 using the same format as Table 1. These are not suggested for
use as alternative projections, because over such a short period it is unnecessary
to consider more than a single projection. Rather, the purpose is to illustrate that
the preferred projection is relatively insensitive to changes in the assumptions.
Table 5. Alternative assumptions about Aboriginal and Torres Strait
Islander populationincrease, 1996-2001
Population as enumerated by census (start of period)
Estimated population (start of period)
Bl: Births to indigenous mothers
B2: Births to non-Indigenous mothers
D: Deaths of indigenous people
Natural increase (B1+B2-D)
Estimated population (end of period)
Population as enumerated by census (start of period)
Estimated population (start of period)
Bl: Births to indigenous mothers
B2: Births to non-indigenous mothers
D: Deaths of indigenous people
Natural increase (B1+B2-D)


































basis of projection A. no change in mortality level;
no change In fertility level; and
Increasing intermarriage.
basis of projection B. no change in mortality level;
decreasing fertility of indigenous mothers; and
no change in proportion of births to non-indigenous mothers.
basis of projection C. age-specific mortality reduced by 25 per cent;
decreasing fertility of indigenous mothers; and
increasing intermarriage. %
basis of projection D. age-specific mortality reduced by 25 per cent;
no change in fertility level; and
no change in proportion of births to non-indigenous mothers.
These explorations confirm both that projection of total growth of the
Aboriginal and Torres Strait Islander population to just past the turn of the
century is not very sensitive to the assumptions made, to within a few thousand
individuals; and that the general size of the components of growth is also
represented quite reasonably in Table 1. The projections in Table 1 are at the
lower end of the range represented in Table 5, but this is because two of the
alternative assumptions (no change in fertility, and substantial reduction in
mortality) tend to produce higher growth.
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Beyond 2001
Past experience with projections of Aboriginal population trends should produce
caution about assessing even medium-term prospects. Although Aboriginal
identity is seemingly maintained strongly by the children of intermarriages in the
contemporary cultural and social conditions of Australia, increasing blurring of
the distinction between Aboriginal and non-Aboriginal in Australia must lead
eventually to similar population characteristics governed by the same forces of
fertility and mortality as in the rest of the Australian population. At the same time
there will emerge an ever-larger component of the Australian population who may
choose to be identified as Aboriginal on the basis of descent and affinity with
Aboriginal communities, or choose not to be. It would be hazardous even to try to
assess prospects only as far as one generation, approximately 25 years past the
last census in 1996, because of the possibility of rapid change in society. With
strong warnings about the consequences of rapid cultural and social change, it is
feasible and it may be helpful to extend the preferred population projection given
here a further ten years, to 2011, in two five-year steps.
The preferred assumptions for this projection are that fertility will continue
to fall, to a TFR of 2.25 in 2001-6 and then 2.0 in 2006-11; increasing
intermarriage will continue to boost growth, and age-specific mortality levels will
be reduced substantially, by 25 per cent in each five-year period past 2001. There
is no particular reason to believe that any society will successfully organise itself
to have replacement-level fertility. Since fertility levels for Australians generally
have now been below replacement level for a long period, it seems reasonable to
avoid such an artificial limit for Aboriginal fertility decline. The mortality
assumption is based wholly on the observation that Australian society should
eventually recognise that extremely high Aboriginal mortality levels cannot be
allowed to persist. Table 6 shows population prospects based on these
assumptions.
Table 6. Prospects for Aboriginal and Torres Strait Islander population
increase, 2001 -11
2001-2006 2006-11
Estimated population (start of period)
Bl: Births to indigenousmothers
B2: Births to non-indigenous mothers
D: Deaths of indigenous people
Natural increase (B1+B2-D)













Note: basis of projections: age-specific mortality decreasesby 25 per cent from each previous five-
year period;
fertility decreasesto TFR 2.25 in 2001-6 and to TFR 2.0 in 2006-11; and
increasing intermarriage.
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In each of the prospective periods, Aboriginal and Torres Strait Islander
population growth is projected to be a little under 50,000, with underlying growth
rates of 2.2 per cent in the 2001-6 period and 2.1 per cent in the 2006-11 period.
Note that while births to indigenous mothers are projected to decrease absolutely,
as a result of assumptions about declining fertility levels, indigenous births to
non-indigenous mothers will nevertheless continue to increase under the
assumption of increasing intermarriage. Growth will also be boosted to a minor
extent by absolute decline in numbers of deaths, but this will only happen if there
are very substantial improvements in Aboriginal survival, as envisaged for this set
of population prospects.2
Conclusion
This population projection envisages little change in Aboriginal and Torres Strait
Islander population structure and continuing strong growth of the indigenous
population in the immediate future and beyond. While predictive for the 1996-
2001 period, the projection will nevertheless be difficult to verify immediately from
the 2001 Census enumeration unless by fortunate coincidence the level of
enumeration of the indigenous population is consistent with the 1996 Census.
Longer-term projection really requires more complete information about the
processes and characteristics of intermarriage with non-indigenous Australians,
as has been emphasised in the detailed discussion in the appendices.
It is necessary to emphasise again that the size of the Aboriginal population
should be regarded as unknown, and that the estimates in this paper are relative
to Aboriginal population size as enumerated at the 1996 Census. 'Experimental
population estimates' produced by the ABS (1997) are nonetheless a valuable
contribution towards policy and program formulation and the analysis in this
paper shows that for 1996 they are not very different in distribution from the
estimates obtained here, except for the 0-4 age group. It is hoped that this paper
will be a useful contribution to the ABS in continuing to develop this useful set of
official statistics.3
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Appendix A. Projection method and detail
Projection 1996-2001
The projections given in this paper were based in the first instance on
establishing a baseline of population change during the 1991-96 period. The
main details of this estimation process are given in Appendix B. The output of the
process was a consistent set of indigenous population estimates for 1991 and
1996, at the level of five-year age groups and sex, for the whole of Australia, for
New South Wales and the Australian Capital Territory combined, for Victoria and
Tasmania combined, for Queensland, for South Australia, for Western Australia,
for the Northern Territory and for Torres Strait Islanders in Queensland. The
estimates are consistent in the sense that application of the fertility estimates in
Table B.3 (Appendix B) and the mortality estimates in Appendix C to the
estimates for 1991 exactly reproduces the 1996 population estimates. The final
estimates are shown in Table B.4 of Appendix B.
Projection from this basis involves making assumptions about fertility and
mortality levels in each projection period. For the period 1996-2001, mortality
levels are assumed to remain unchanged from the levels given in Appendix C for
the 1991-96 period, but fertility is assumed to decrease from a total fertility rate
of 2.71 in 1991-96 to 2.50 in 1996-2001. The assumed fertility levels are shown
in Table A. 1.
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The major part of this table is simple adjustment from the levels of 1991-96.
However, comparison with the adjustments for non-Aboriginalmothers in Table
B.3 reveals that this adjustment is projected to increase rapidly.
The mathematical model of this process is the equation
logodds(2p,) = 0.051454 + 0.0358 * (t-1991)
where pt is the proportion of indigenous births to non-indigenous mothers in year
t. This model is based on data from the 1991 Census suggesting growth in the
proportion of non-indigenous women in couple families at that level in the 14
years before 1991. (See Gray 1997 for further discussion of the model.) Relative
levels for the States were established from a table published by the ABS and the
Australian Institute of Health and Welfare (1997), showing the proportion of non-
indigenous mothers among indigenous births in most States and Territories in
1993.4 These relative levels needed to be adjusted upward by small amounts to
agree with the model, for the year 1993.
An arbitrary upper limit of 50 per cent is set by the model, for the
proportion of indigenous births to non-indigenous mothers. This is because it
would be expected that approximately half of all indigenous births would still
occur to Aboriginal and Torres Strait Islander mothers even if all indigenous
people intermarried. The limit could be somewhat more or somewhat less,
depending on relative fertility levels and distribution by age, and sociological
considerations.
There should be no doubt that this model is no more than a preliminary
version of the process it represents. In particular, the possibility that non-
indigenous partners of indigenous men, or women, have fertility levels more like
those of other non-indigenous Australians should be recognised and investigated.
This should be an integral part of a program aimed at understanding the
phenomenon of intermarriage better, as suggested in Gray (1997).
The net result of the assumptions is shown in Table A.2, showing the
projected indigenous population by age, sex and State/Territory in 2001. Several
alternative assumptions are mentioned in the text of the report. Except in the
case of reduced mortality, these have effect in the 0-4 age group and no effect on
the rest of the age distribution shown in the table. An assumption of no change in
level of fertility from the level in 1991-96 would have a very large effect on this age
group, which would number 62,439 (almost 5,000 more than projected) if the TFR
remained at 2.71 as in 1991-96 instead of the projected level of 2.50. On the
other hand, if the level of intermarriage remained at its estimated level in 1991-
96, the size of the 0-4 age group would be slightly lower than projected, at
55,860.
As shown in Table A.2 the reduction of age-specific mortality rates by 25 per
cent across the board would affect population numbers in all age groups, in the
form of slight increases. The net effect, for Australia as a whole, is shown in Table
A.3.
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Table A.3.Projected Aboriginal and Torres Strait Islander population,
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Projections 2001-11
For the period beyond 2001, a single projection was carried out at the level
of the whole of Australia, using the assumptions that fertility would fall to 2.25 in
2001-6 then 2.00 in 2006-11, while age-specific mortality rates would fall by 25
per cent in each of these five-year periods.5 The projection results are shown in
Table A. 4.
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Appendix B. Correction of age structure and intercensal
deaths, 1991 and 1996
Because of different levels of enumeration of the Aboriginal and Torres Strait
Islander population in the 1991 and 1996 Censuses, and deaths data at best
incomplete for the period 1991-96, the relationships that must hold in a virtually
closed population6 are difficult to detect in raw data from these sources. The basic
relationship which should hold is that the population for any five-year age group
in 1996 should be equal to the population for the age group five years younger in
1991 less any deaths which occurred at corresponding ages between 1991 and
1996. In symbols,
N2C = N1C-DC (1)
where the subscript 'c' refers to a five-year birth cohort (the people born in a
particular five-year period, counting in five-year segments back from the first
census date), Nl refers to population numbers for a birth cohort at the first
census in 1991, N2 refers to population numbers for the same birth cohort at the
second census in 1996, and D refers to deaths from the birth cohort which
occurred between the two census dates.
In practice, because of different levels of enumeration, correction factors
need to be applied to make this relationship hold more exactly. Specifically, the
relationship needs to be modified to the form
K2.N2C = K1.N1C-C.DC (2)
where Kl, K2 and C are the required correction factors, assumed constant for
different birth cohorts (Preston and Hill 1980). Equation (2) implies a linear
relationship between N1C/N2C and DC/N2C, considered as functions of birth cohort
c. Actual linearity from observed data would signal that the assumption of
constant values for the three correction factors is consistent with the
observations. Observed non-linearity can be due to many factors.
In applying this theory to data for the Aboriginal population, intercensal
deaths were estimated using life tables estimated for the period 1986-91 (Gray
and Tesfaghiorghis 1993) under the initial assumption that the level of
enumeration in each census was complete. Given that the two censuses were
clearly incompatible in level, the estimated numbers of deaths calculated in this
way would have a level of enumeration somewhere in between, unless there had
been a marked change in the level of mortality between 1986-91 and 1991-96.
The case of three different levels of enumeration (first census, second census and
intercensal deaths) is fine for application of the theory, as is clear from
relationship (2).
Figure B. 1 illustrates the 'linear' relationships observed from the data for
each sex for Australia as a whole and fitted lines drawn through the data points.
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The same calculations were carried out for six State/Territory groupings
and for Torres Strait Islanders in Queensland.7 The slopes and intercepts of the
linear relationships are directly related to relative levels of enumeration of the
population and death estimates, as summarised in Table B. 1.
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Table B.1. Correction factors implied by Preston-Hill Analysis
Males





























































Experience with use of this method of analysis has shown that it can
provide good estimates of the relative level of population enumeration but is only
useful for correcting levels of deaths relative to population enumeration if the
fitted line is extremely close to the data points. This is the case in Figure B. 1, but
it is not so for all of the State/Territory groupings, indicating either particular
patterns of enumeration error affecting different sections of the population, or
(less likely) erroneous features of the assumed distribution of deaths. The
correction factors for deaths obtained in this way are too unreliable for further
use in some cases, especially in the case of the Northern Territory, and for
reasons of employing a consistent approach none of these correction factors for
deaths are used further in this analysis.
The correction factors for the 1991 population are taken as first estimates
for the next stage of the analysis, in which initial correction factors for population
size in each census, and for births and deaths in the intercensal period, are
adjusted using methods of functional analysis to locate the closest set of
population, birth and death estimates which satisfy equation (1), minimising a
weighted distance from the input data.8 The original version of this method was
described by Luther and Retherford (1988) and other versions have been applied
to analysis of the Aboriginal population by Gray (1990), Gray and Tesfaghiorghis
(1993) and Luther, Gaminiratne and Gray (1995). The variant of the Luther-
Retherford method that is used for the first two of these analyses, and for the
analysis in this paper, has now been employed several times. It is sufficiently
different in detail from the original version to warrant explanation which is not
given in any of the other sources. The balancing equations which are used are as
follows:
K2.N20.4 = KB.B -
K2.N25.9 = Kl. N10.4 - KD.(0.2DM+ 0.5DM)
K2.N210.14 = Kl. Ml5.9-KD.(0.5Dg.g+0.5D1(M4)
(as above for each age group 10-14 to 70-74)
K2.N275+ = Kl. N170+ - KD.(0.5D70.74+ D75J
C E N T R E F O R A B O R I G I N A L E C O N O M I C P O L I C Y R E S E A R C H
18
Here, cohort deaths are initially estimated as combinations of segments of
deaths within age groups in the intercensal period. There are four initial
correction factors:
Kl: Estimated completeness of first census enumeration against second census
enumeration (as given in Table B. 1);
K2: Estimated completeness of second census enumeration, with a value set to
1 so that all correction factors are at first assumed to be relative to this
level:
KB: Estimated completeness of births relative to second census enumeration,
initially set to 1 in previous analyses but in the current analysis set to equal
1 plus the proportion needed to include births to non-Aboriginalmothers
(see discussion in text of paper); and
KD: Estimated completeness of deaths relative to second census enumeration,
set in various ways in previous analyses but set to 1 for the current
analysis.
Values of Kl, K2 and KD for each age cohort and for KB are calculated so as
to make the above set of equations balance and minimise the distance between
the initial estimates of the correction factors and the final estimates, where the
distance is calculated as the square root of a weighted sum of differences. The
weights used in this variant of the method are the relative sizes ofcorresponding
population quantities and 0.4 times the relative sizes of deaths estimates,
expressed relative to the estimated number of births. The factor of 0.4 in the
weights for death estimates reflects the extent to which estimates of deaths figure
in calculation of death rates for five-year age groups over a five-year period:
5M* 0.4 x 5Dx/(5P,u-5+5Px.,)
Examples of the results obtained with this method of analysis are shown in
Table B.2, for New South Wales and the Australian Capital Territory. The results
have been set out for birth cohorts, reflecting the estimation method. It can be
seen that the final estimates of correction factors reflect the initial estimates quite
closely, except for the births correction factor (reduced from the initial estimate of
1.51 to 1.35 for both sexes) and the corresponding factor for deaths in the 0-4 age
group. The reason for this is that the number of births was initially estimated
from the assumed level of fertility in the 1986-91 period (Gray and Tesfaghiorghis
1993), which was assuredly too high even for that period. The upward correction
to the number of deaths for the age group reflects the correction for births to non-
Aboriginal mothers. Because of the uncertainties introduced by these large
corrections, population estimates for the 0-4 age group in 1996 were calculated
more directly, using estimated fertility in the 1991-96 period and survival ratios
based on the Luther-Retherford analysis, as explained further below.
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Table B.2.Example of results obtained from Luther-Retherford analysis:











































































































































































































The initial value of KB for both sexes was 1.515152 for both sexes in New South Wales and the
Australian Capital Territory
This analysis was carried out separately for each State/Territory group and
aggregated to produce estimates for Australia as a whole. The value of the
approach used was that it would ensure that the population estimates would
satisfy the basic relationship expressed in equation 1. A by-product of the
analysis is the set of life tables reproduced in Appendix C, based on direct
application of the results for each State/Territory group, and Torres Strait
Islanders living in Queensland, exemplified for the case of New South Wales and
the Australian Capital Territory in Table B.2.
For all age groups in 1991,and all age groups except 0-4 in 1996,
population estimates corrected using these factors were also used as the final
estimates of this exercise. For the 0-4 age group, estimates were calculated more
directly, using fertility estimates for the 1986-96 period for the whole of Australia
(Gray 1997) and estimated adjustments for non-Aboriginal mothers from the
same source. The State/Territory estimates of births to Aboriginal mothers were
adjusted proportionatelyage group by age group (15-19 to 45-49) to agree with
the estimates for the whole of Australia, as no direct estimation of 1986-96 age-
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specific rates had been carried out. Similarly, the State/Territory estimates of the
additional component of births to non-Aboriginal mothers were adjusted to
conform with the estimates for Australia as a whole. This procedure incidentally
produced a set of estimates of age-specific fertility rates for the State/Territory
groupings, as shown in Table B.3.





























































































These fertility estimates should be regarded as no more than by-productsof
the estimation process and elements of the projection process; they are heavily
influenced by the relative levels of estimates for the 1981-86 period, which might
or might not reflect more recent relativities. The substantial adjustments for non-
indigenous mothers are shown in the last row of the table.
The final set of population estimates for 1991 and 1996 are set out in Table
B.4, for Australia as a whole, compared with the original census estimates and
experimental Aboriginal and Torres Strait Islander population figures calculated
by the ABS (1997). The most evident difference between the estimates produced
here and those of the ABS is that the ABS's estimates are uniformly higher by
similar proportions, except for the 0-4 age group. The exception for the 0-4 age
group no doubt reflects different assumptions about fertility.
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Table B.4.Population estimates used as basis for population projection,
compared with 1991 and 1996 Censuses, and with experimental
























































































































































































































C I M T B E F O R A B O I t l C I M A L E C O N O M I C P O L I C Y R E S E A R C H
22 GRAY
As noted earlier, the estimates produced here as the basis for population
projections were designed to reflect the level of enumeration in the 1996 Census,
with minimal corrections to the age distribution. The fact that these minimal
corrections produced a slightly higher population total than the Census has no
other significance. Certainly the total should not be regarded as an estimate of
indigenous population size, which the total for the experimental estimates does
purport to be.
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Appendix C. Life tables for the indigenous population of
Australia, 1991-96












































































































































































































































































































Death rate between age x and x+n
Probability of dying between age x and x+n
Survivors from a birth cohort of 100.000. at age x
Deaths between age x and x+n from a birth cohort of 100,000
Person-years lived between age x and x+n, from a birth cohort of 100,000
Person-years lived above age x. from a birth cohort of 100,000
Expected years of life remaining at age x
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Probability of dying between age x and x+n
Survivors from a birth cohort of 100
Deaths between age x and x+n from
Person-years
Person-years
,000. at age x
a birth cohort of 100.000
lived between age x and x+n, from a
lived above age x, from
birth cohort of 100.000
a birth cohort of 100,000
e. Expected years of life remaining at age x
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Deaths between age x and x-m from a birth cohort of 100.





age x, from a


















































a birth cohort of 100.000
birth cohort of 100
x
,000
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n ,Mc A 1« A
5 0.0088 0.0427 100000 4272
5 0.0005 0.0027 95728 258
5 0.0017 0.0083 95470 797
5 0.0025 0.0123 94673 1165
5 0.0037 0.0186 93509 1736
5 0.0071 0.0348 91773 3191
5 0.0080 0.0391 88582 3464
5 0.0137 0.0662 85117 5639
5 0.0165 0.0792 79478 6297
5 0.0171 0.0819 73182 5995
5 0.0262 0.1229 67187 8258
5 0.0424 0.1916 58929 11288
5 0.0449 0.2020 47641 9625
5 0.0506 0.2245 38016 8536
5 0.0710 0.3015 29480 8889









































































5 0.0068 0.0329 100000 3291
5 0.0003 0.0014 96709 133
5 0.0003 0.0016 96576 156
5 0.0014 0.0071 96420 680
5 0.0023 0.0115 95740 1106
5 0.0026 0.0127 94634 1202
5 0.0039 0.0191 93432 1787
5 0.0062 0.0305 91645 2791
5 0.0068 0.0332 88854 2949
5 0.0163 0.0783 85905 6726
5 0.0190 0.0907 79179 7179
5 0.0232 0.1097 72000 7896
5 0.0244 0.1149 64103 7366
5 0.0331 0.1528 56737 8671
5 0.0842 0.3478 48066 16716
m 0.1182 1.0000 31351 31351
Death rate between age x and x+n
Probability of dying between age x and x+n
Survivors from a birth cohort of 100,000, at age x


















































nLx Person-years lived between age x and x+n, from a birth cohort of 100,000
T. Person-years lived above age x, from a birth cohort of 100,000
Expected years of life remaining at age x
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age x and x+n
Survivors from a birth cohort of 100,
Deaths between age x and x+n from
Person-years
Person-years
000, at age x
a birth cohort of 100,000
lived between age x and x+n, from a birth cohort of 100,000
lived above age x, from a birth cohort of 100.000
e, Expected years of life remaining at age x
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Death rate between age x and x+n
Probability of dying between age x and x+n
Survivors from a birth cohort of 100.000. at age x
Deaths between age x and x+n from a birth cohort of 100.000
Person-years lived between age x and x+n, from a birth cohort of 100,000
Person-years lived above age x, from a birth cohort of 100,000
Expected years of life remaining at age x
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n M nct, lx
5 0.0073 0.0356 100000
5 0.0005 0.0024 96443
5 0.0016 0.0082 96212
5 0.0025 0.0124 95421
5 0.0039 0.0191 94237
5 0.0069 0.0339 92437
5 0.0072 0.0352 89300
5 0.0125 0.0607 86153
5 0.0147 0.0708 80923
5 0.0178 0.0852 75196
5 0.0235 0.1108 68788
5 0.0383 0.1748 61168
5 0.0491 0.2187 50478
5 0.0659 0.2828 39437
5 0.0816 0.3390 28282
0.1369 1.0000 18694
Females



















5 0.0003 0.0013 97236
5 0.0004 0.0018 97107
5 0.0016 0.0080 96934
5 0.0025 0.0124 96155
5 0.0025 0.0124 94965
5 0.0033 0.0164 93785
5 0.0055 0.0270 92250
5 0.0067 0.0332 89762
5 0.0171 0.0819 86784
5 0.0182 0.0871 79674
5 0.0225 0.1066 72732
5 0.0360 0.1652 64978
5 0.0404 0.1835 54241
5 0.0839 0.3469 44290





































































































































Death rate between age x and x+n
Probability of dying between age x and x+n
Survivors from a birth cohort of 100.000, at age x
Deaths between age x and x+n from a birth cohort of 100,000
Person-years lived between age x and x+n, from a birth cohort of 100,000
Person-years lived above age x, from a birth cohort of 100,000
Expected years of life remaining at age x
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Death rate between age x and x+n
Probability of dying between age x and x+n
Survivors from a birth cohort of 100,
Deaths between age x and x+n from
Person-years
Person -years
000, at age x
a birth cohort of 100.000
lived between age x and x+n. from a
lived above age x, from
birth cohort of 100.000
a birth cohort of100.000
e. Expected years of life remaining at age x
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Notes
1. The reason for slight difference from the 1996 Census total is explained in Appendix B.
2. If these improvementsoccur, male Aboriginal life expectancy would reach 67.5 years in
the 2006-11 period and female life expectancy would reach 74.3 years. These would be
improvements of just over ten years of survival, for each sex, compared with the period
1991-96. This outcome is the optimistic limit of possible achievement.
3. While it has not been emphasised in the text, estimation of the population
characteristics of Torres Strait Islanders in Queensland was undertaken as part of the
analysis and the appendix tables (B.I, C.8) contain considerable detail about this
topic.
4. No data were available for Queensland, and the proportion for Australia as a whole was
assumed for that State.
5. Mortality levels do not usually change in so simple a fashion. The projection estimates
for these periods should be regarded as illustrative rather than predictive.
6. A closed population is a population in which there is no migration either in or out.
7. Marked inconsistency is observed for the Australian Capital Territory if separated from
New South Wales, and for Tasmania if separated from Victoria. Also, no reasonable
results can be obtained for Torres Strait Islanders outside Queensland.
8. In the case of the age group 0-4 in 1996, equation (1) becomes N2C = B-DC, where B
refers to births in the intercensal period.
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